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NOTICES

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procure~-
ment operation, the United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the Government may have form-
ulated, furnished, or in any way supplied the said drawings, speciflcations, or
other data is not to be regarded by implication or otherwise as in any manner
licensing the holder or any other person or corporation, of conveying any rights
or permission to manufacture, use, or sell any patented Invention that may in
any way be related thereto.
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DESIGN

The air conditioner Is similar to a unit recently deveioped for the
U.S. Alr Force which Is shown in Photograph 39089-4. Pertinent
differences are described In Sectlon 6 of this report. These were
primarily changes In the recirculation air circuit to match the NASA
air flow requirements, explosion proof capabllity, and 60-cps instead

of 400-cps power for heating.

All components were analyzed by AiResearch for explosion-proof capa-
bility in accordance with the requirements of Paragraph 5.3.! of
Military Speciflcation MIL-E-5272C and Amendment (!). As a result,
the condenser and reclirculation fans were modified to meet explosion
proof requlrements. All other electrical components meet explosion-
proof requlrements in that they elther (a) contaln no arcling parts
or relays, (b) are hermetically sealed, or (¢) are capable of self-
contained explosion without propogation In an air-fuel mixture
atmosphere. A strip heater was successfully subjected to explosion
test as described In Paragraph 8.1. Therefore, the air conditioner
is considered capable of meeting MIL-E-5272C (1), Paragraph 5.3.1,

explosion proof requirements (alr-fuel atmosphere).
SYSTEM OPERATION
The schematic arrangement of the system Is shown in Figure 2.

The operation of the system Is controlled by a manual master selector
switch located on the package control panel (see Figure I). This
selector has three positions: (1) OFF, (2) VENT, and (3) AUTO.

The OFF positlion shuts off all electrical power supply to the package.
With the switch in the VENT position, the recirculation alr fans are
energized but these are the only package components operating. Selec-
tion of the AUTO mode brings the remalinder of the package components
Into operation and provides varying degrees of cooling or heating,

according to the demands of the temperature control system.
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Cooling Operation

If the temperature control system demands cooling operation, the
condenser air fans are energized as soon as AUTO is selected. A

time delay relay prevents the Freon compressor from starting untlil

20 seconds after start of the condenser fans. During cooling opera-
tion the Freon compressor, the condenser air fans and the recircula-
tion air fans operate continuousliy. In the Freon circult, super-
heated Freon 114 vapor is drawn into the compressor where mechanical
compression ralses the energy level of the entering gas to a pressure
and a temperature high enough for condensation to take place in the
condenser. In the condenser, the hot compressed gas condenses by
rejecting heat to the ambient alr, which is drawn through the alr
passages of the condenser by the cooling air fans. The condensed
Freon liquid flows from the bottom manifold of the condenser Into the
recelver, and from there to the liquid port of the Freon control valve,
via the subcooler-superheater. This latter unit transfers heat from
the liquid Freon leaving the condenser to the gaseous Freon entering
the compressor and ensures that any liquid carried over from the

evaporator will be evaporated before reaching the compressor.

The Freon control valve modulates the cooling capacity of the evap-
orator by regulating the mixture ratio of liquid and gaseous Freon
entering the evaporator. During maximum cooling demand, the gas port
of the valve is closed and only liquid Freon enters the evaporator.

As the cooling demand diminishes, the temperature control system modu-
lates the Freon control valve to admit progressively more gaseous
Freon and less liquid Freon to the evaporator. The evaporator cooling

capacity is thus automatically adjusted to the reduced cooling load.

Heating Operation

At some intermediate polint, the evaporator cooling capacity Is reduced

to zero and further increases in the amount of gaseous Freon supplied
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results in the evaporator acting as a heater for the recirculated

alr. At the fullest extent of its travel, the Freon control! valve
admits only gaseous Freon to the evaporator. This method of refrig-
eration system control provides smooth transition from cooling to heat

by utilizing the compressor power to provide some heating.

If further heating demands are made, the temperature control! system
signals are transferred from the Freon control valve to a programmer
switch, which Is a motor-driven, rotary sequencing device. The initial
action of the programmer is to shut off the Freon compressor and the
condenser alr fans. Thereafter, It provides step control for the elec-

tric heater to obtain various levels of heater power input.

If the temperature control system calls for a change from heating to
cooling mode, the sequence of events Is reversed. The programmer steps
down the heater Input power until zero Input s reached, and then
switches on the condenser alr fans and the Freon compressor and trans-

fers control to the Freon control valve.

A temperature selector switch on the package control panel allows the
operator to select any return air temperature between 60°F and 85°F.
A manual damper control allows varying amounts of fresh alr to be
mixed with the recirculated air if desired.

DESCRIPTION OF COMPONENTS

A list of the eleven major package components is presented in Figures
| and 2. This section of the report gives a description of the major

components used in the package.

Refrigeration System

The refrigeration system consists of the Freon control valve, evap-
orator, subcooler-superheater, compressor, condenser, condenser alr
fans, receiver, and condenser pressure controller. Where possible,

flexible synthetic rubber hoses were used to connect these components
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In the refrigeration circuit to simplify assembly and repair to allow
tolerance bulld-up In package fabrication. The system utilizes Freon
114 as a refrigerant, with a one per cent concentration of oil In cir-

culation to provide lubrication for the compressor.

5.1.1 Freon Compressor 570420

The Freon compressor is a compact, lightwelight, hermetic type unit,
consisting of a two-stage centrifugal compressor which Is driven by

a squirrel-cage induction type electric motor. The compressor is
Identical to a current production unit used on the Boeing 707 and
Lockheed Electra airplanes with the exception of a change in the com-

pressor di ffuser which is a stationary part.

The compressor is extremely simple, utilizing one rotating assembly
which is carried on only two ball bearings. Thls assembly consists
of a shaft, motor rotor, and the two compressor impellers. The motor

. rotor 1s mounted on the compressor drive shaft. The motor rotor laml-
nations are rigldly bound together with Integrally cast aluminum rotor
bars to provide a rotor of consistent dynamic balance and rugged con-
structlion. The stator is constructed with an aluminum frame cast
around the outside of thin-gauge stator laminations to provide maximum
riglidity and efficiency. The stator winding insulation system materials
are resistant to Freon and oil. The motor leads are connected to ceramic-

Iinsulated, hermetic type terminals.

Bearing lubrication and cooling are accomplished by passing a small quan-
tity of liquid Freon containing a small percentage of oil into the motor-
compressor shaft. The oll in the form of oll mist lubricates the bearings.
As the liquid Freon evaporates and changes to a vapor it absorbs heat from
the motor rotor, stator and bearings. The Freon vapor and oil are then

delivered to the compressor inlet.

Thermal protection Is provided by a thermoswitch in the housing near the
lower end of the stator winding. This thermoswitch functions to shut

down the motor If excessive temperature Is sensed.

AAC-4209-R
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The compressor is a hermetic unit with no external dynamic seals.
The unit is fitted with a labyrinth type seal at the inlet of each
impeller. A floating carbon ring type seal is located between the
second-stage impeller and the upper ball bearing. None of these
seals are required to be leakproof. A small leakage Is permissible
since such Is entirely internal.

Freon Evaporator 174570

The Freon evaporator Is of brazed and welded aluminum construction,
utlllizing the plate and fin extended surface configuration. The Freon
passages are wide, flat, vertical tubes, each containing a single layer
of rectangular offset fins. The tubes are reinforced on the leading

and tralling edges, to provide resistance to Impact and rough handling.
The air passages each contain a double row of rectangular offset fins,
located between the Freon tubes and set back from the leading and trail-
ing edges for protection during handling.

Freon enters the unit through an Integral distribution system in the
bottom manifold. Refrigerant liquid Is distributed by a perforated
tube, and gaseous freon Is Injected directly into the bottom pan. The
refrigerant then travels upward boiling and absorbing heat and 1Is dis-
charged through the top pan.

Freon Condenser (74580

The Freon condenser assembly Is an aluminum plate-fin exchanger utill-
zing the plate fin construction that Is used in the 174570 evaporator
(the USAF unit). Freon gas from the compressor enters the top manifold
of the condenser and condenses while flowing downward through the tubes.
Liquid freon Is collected in the bottom pan and flows to the receiver

by gravity.

Freon Subcooler-Superheater 172210

The subcooler-superheater is a Freon liquid-to-Freon gas heat exchanger
located in the compressor suction line. The purpose of the subcooler-

superheater Is to provide subcooled liquid to the Freon control valve.

AAC-4209-R
Page 6



\ Am""‘/' )

It also tends to improve the cycle efficiency. The type of con-
struction of the subcooler-superheater heat transfer surface is

Identical to the Freon evaporator and condenser.

Evaporator Freon Control Valve (33202

The evaporator Freon control valve is an electrically actuated, dual-
flow sliding piston valve. The valve comprises a valve housing with
appropriate inlet and discharge ports, a dual plston valve, and an
electric motor driven actuator. The valve Is a push-pull type which
positions the dual piston valve so that when the liquid port Is full
open, the gas port is full closed. As the load on the evaporator Is
reduced, the liquid valve moves towards the closed position, and the
gas valve simultaneously moves towards its open position to prevent

compressor surge.

The valve housing incorporates QO-ring type seals to restrict internal
leakage from the gaseous side to the liquid Freon side. The valve
actuation shaft has a series of three 0-ring type seals to prevent

external leakage from the valve.

Condenser Alr Fan 207642-1

Two of these fans are used in parallel! to provide the condenser air
flow. Each fan Is an axlal flow type unit with a |12~inch dlameter
Impeller which is driven by an electric motor. The motor rotor is
mounted on a shaft which is supported by two sealed grease-packed
ball bearings. The fan is mounted on one end of the rotor shaft and
secured in place by a self locking nut. The fan Impeller has |5 high
performance airfoil blades, that are twisted from hub to tip to pro-
vide uniform radial aerodynamic loading across the blades. The motor
housing has deswirl vanes to straighten the alr flow as it discharges
from the fan blades. These vanes are also used to support the electric
motor. The outer housing has a bell mouth entrance and a bolt flange

at the downstream end for mounting purposes. The motor vent holes

AAC-4209-R
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include flame suppressors and rubber grommets on the power leads
into the motor to meet explosion proof requirements. The motor end
cap contains the terminal block for electrical connections and the

motor thermal protector.

Freon Receiver 177790-1

The Freon receiver is a cylindrically shaped 340-cubic inch aluminum
vessel, the ends of which are hemispheric. Volumetric capacity is I8
Ibs of Freon |14 at 70°F. The recelver Incorporates a system charge
valve, two sight glasses for detemmining liquid level, and a stainliess
steel fine mesh stralner at the receiver outlet. Liquid Freon passes
from the recelver through a vertical tube to the subcooler-superheater.
The strainer is located in this outlet tube and Is accessible for re-

moval and cleaning by disconnecting the outlet tubing.

Condenser Shutter Actuator 133256-2
-

The condenser shutter actuator consists of a Freon-operated actuator
and a Freon servo valve coupled with a condenser cooling alr shutter
assembly. The actuator is a piston type that is operated by compressor
discharge Freon gas. The actuator shaft is sealed by a series of three
"0" ring type seals. Freon sealing around the piston is accomp!ished

by a Freon resistant rubber diaphragm.

The servo control valve which regulates the Freon pressure to the top
of the actuator plston, consists of a small spring-loaded, piston type
poppet that is balanced by the Freon pressure differential between the
compressor Inlet and the compressor discharge. When the differential
pressure across the poppet exceeds the control value of the servo the
poppet unseats and permits a small amount of Freon gas from the com-
pressor discharge to flow Into the lower chamber of the servo. This
chamber is connected to the chamber above the piston In the actuator.
As the poppet unseats, the pressure increases in the chamber, moving
the actuator piston and shutter #%sembly.

AAC-4209-R
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The valve is adjusted to operate the shutters between 68 psi and 60
psl differential between compressor discharge and suction. At 68 psi,
the shutters will be wide open and at 60 psi, the shutters will be
closed. In this manner, condensing temperatures will always be main-
tained above 120°F, and normally will be maintained above I30°F. This
in turn will always maintaln evaporator temperatures above 38°F to

miniml ze freezing problems during cooling operation on mild days.

Ml scel laneous Freon System Components

Accessory components of the refrigeration system are as follows:

a. A Mueller Brass B-32513 filter-drier is installed in the compressor
motor cooling bypass line. Since this unit is serviced only at
overhaul, no valving is provided for its removal.

b. A rupture diaphragm designed to release at 165 psig at 200°F is
provided In the Freon circult to protect the system from over-
pressure.

c- A wrench operated purge plug Is provided at a high point in the
system to relieve the system of non-condensible gases If any should
be trapped in the system.

d. A sight glass is provided In the liquid line from the recelver to
Indicate adequate Freon charge In the system.

e. Two J. P. March Co. compound pressure gauges reading 30 In. Hg
vacuum to 150 psig are provided to indicate compressor suction

and condensing pressures.

f. A Crissalr, Inc. 2D1502 check valve is installed in a drain line
betwsen the evaporator and receiver. This valve opens during

"OFF" cycle, allowing drainage of liquld Freon from the evaporator.

Recirculation Alr System

The reclirculation alr system consists of the manually adjustable fresh

air and recirculation air flow control louvers, the four recirculation

AAC-4209-R
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air fans, an air filter, and an electric heater. External to the
package, the circult is completed by the customer furnished flexible
hoses for the supply and return air. An air flow rate meter is
included in the clircuit.

Recirculation and Fresh Alr Louvers

The alr control louvers form an Integral part of the alr conditioner
cablnet. These louvers are simple straight vaned blades which are
mechanically linked to a position arm. The two sets of louvers are
interconnected so that when the recirculation alr louvers are fully
open, the fresh air louvers are closed. The louver positioning
mechanism is linked to the manual fresh air selector on the control

panel.

Recirculation Air Fan 207647-1

Four of these fans are used, In a saries-parallel arrangement, to

provide the reclrculation alr flow. Each fan has a 4.75-inch di ameter
axial flow impeller having 9 high-efficiency aerodynamic alrfoils which
are twisted from hub to tip In order to provide a constant radial aero-
dynamic loading. The impeller Is made from a one-plece precision alum-
inum casting. The motor housing and deswirl vanes are also made from

a one-piece precision aluminum casting. The motor Is a squirrel cage
induction type. The motor rotor and fan Impeller are mounted on a

common shaft which is supported by two sealed grease packed ball bearings.
The fan motor vent holes Include flame suppressors and the rubber grommets

on the power leads inte the motors to meet explosion proof requirements.

“Alr Filter

The reclirculating air filter consists of two Farr Company Type A4A4H,
16 x 18 x I-Inch deep aluminum mesh filter sections mounted in an
iridited aluminum frame, and located upstream of the evaporator. The

filters are held in place by spring clips and are removable from the

AAC-4209-R
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back of the unit through the lower access panel, and may be cleaned
and re-installed as many times as is necessary.

Electric Heater 682489

The electric heater is composed of |5 Chromalox strip-fin type elements
which operste on 208-volt, 3-phase, 60 cps electric power. The elements
are nicke! chromium resistance wires imbedded In a ceramic material and
covered with a chrome steel sheath. Fins are pressed on the sheath to
provide improved heat transfer to the alr stream. The heater !s com-
posed of three banks which are arranged in parallel. Bank No. ! Is 4.2
KW heating capacity and Bank Nos. 2 and 3 are 8.35 KW heating capacity
each.

System Electrical Controls

The system electrical controls provide modulation of cooling and heating
capacity, switching of motorized equipment and safety devices where
requlred.

Tesporature Cantrol 547606

The temperature control Is a magnetic amplifier device which receives
inputs from the temperature selector and the return air temperature

sensor and converts these signals into terms of actuator movement.

The temperature selector and the return air temperature sensor are
connected to form two of the arms of a simple resistance bridge. A
change in signal from elther one of these references causes an un-
balance of the bridge and this error is detected, amplified and used
to control the output of a hermetically sealed relays. This power
output drives elther the Freon control valve actuator or the pro-
grammer actuator. The power output is in the form of a series of
constant voltage amplitude power pulses, the width of the pulse vary-
ing from a few milliseconds for small bridge unbalance signals to

"full on" for large error signals.

AAC-4209-R
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This form of control has proved to be very responsive and yet give

good inching characteristics and stable operation.

Temperature Selector 512282

The temperature selector is a wire-wound potentiometer which has an
over-all resistance change equal to the resistance change of the return
alr temperature sensor between the temperatures limits of 60°F and 85°F.
The return air temperature is selected by altering the resistance of the

selector and therefore changing the bridge balance point.

Return Alr Temperature Sensor 47518

The duct sensor |s constructed of a thermmistor element which contains

a small piece of semiconductor material. This material has a predict-
able negative temperature coefficient of resistivity and the resistance
of the thermistor Is therefore a definite reproducible function of its
immedi ate surrounding temperature. The sensor is located in the return

alr duct of the alr conditlioner.

Alr Temperature Indicator 162811

Included on the control panel Is a Lewls Engineering Company temperature
indicator gage, Part No. 162B!!, to show the dry bulb temperature of the
conditioned air leaving the air conditioner. The indicator is connected
to a wire-wound temperature bulb thermometer type 56B4A. The indicator
gage readout has a range of O to 150°F with 5°F graduations.

Motor Protector Relay 515206

The motor protector relay contains two separate circuits providing two
separate functions. One circuit Is used to detect ground currents or
faults and to trip a latching type relay, which in turn Interrupts the
control power to the compressor motor contactor. Any ground current in
excess of |5 amperes between the motor protector relay and the motor
will trip the relay. The purpose of this clrcuit Is to remove the motor
from the line following a possible electrical short or ground, in order

to limit possible damage to the compressor.

AAC~4209-R
Page 12




5.3.6

5.3.7

5.3.8

‘l’};,{f’ ,

The second circult is used to detect possible excessive winding tem-
peratures, and to trip a second latching type relay, which in turn
interrupts the control power to the compressor motor contactor. This
circuit operates In conjunction with a thermal switch located in the
compressor motor case to protect against motor overioads. At a pre-
determined combination of motor current and case temperature, the ther-
mal switch will open, thereby actuating the latching relay. This relay
interrupts the control current to the motor contactor. After the motor
case cools to about 170°F, the thermal switch will automatically reset.

Both latching relays may be reset by pressing a momentary contact switch
located on the contro! panel.

Current Transformer 547604

The current transformer is a device used to l1imit the maximum current
drawn by the compressor. It accomplishes this by producing a signal
proportional to the current drawn by the compressor above 80 amperes.
Above this compressor current level, the signal produced by the current
transformer Is substracted slectrically In the magnetic amplifier from
that of the temperature sensor. This causes the control temperature
point to Increase above that selected. This in turn causes the expan-
sion valve to close down to provide less cooling which will result in

the compressor drawing less current.

Time Delay Relay RF20

The time delay relay is a hermetically sealed, adjustable thermal delay
device manufactured by G. V. Controls, Inc. A 28-volt current flowing
through a resistance element trips a normally open bimetal switch after
a predictable time delay. Timing from approximately 5 to 30 seconds is
provided by screwdriver adjustment.

Programmer D24460

This unit |s a hermetically sealed, motor operated, rotary programmer
which contains 8 cam operated switches. These switches start and stop

AAC-4209-R
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the refrigeration system and step control the electric heater. The
motor is a |!5-volt, 400-cps single-phase unit with a nominal timing
for a full cycle of 50 seconds. The programmer Is manufactured by the
A. W. Haydon Co.

Miscellaneous Electrical Controls

a. Mechanlcal Products, Inc., MP Series circuit breakers are provided
to protect the wiring to each 3-phase load, and to serve as dls-

connect devices for servicing.

b. Hartman Electric power relays provide control of each 3-phase load.
They are actuated by a 28-volt DC solenold, and are the totally

enclosed type with dust proof cases.

c. A rectifler system consisting of a transformer and four dliodes
arranged in a full-wave bridge supplies up to 5 amps of 28-volt
DC power for control purposes.

d. A 115-volt, 400-cycle synchronous timer is provided on the control
panel. This unit gives a digital elapsed time count to 10,000 hours

of compressor operation and is hermetically sealed.

e. A Weston Model 833, 0-300 amp ammeter is provided to Indicate total
air condltioning current in one phase of the alr conditioning system.
This unit will give a good indication of refrigeration system

operation.

f. A phase sequence sensing relay ls provided which automatically pre-
vents the unit from operating if power supply phasing Is wrong.

Alr Conditioner Cabinet and Miscellaneous Items

The alr conditioning system with Its controls is housed In an aluminum
structure designed to provide weather protection and support for the
system (Figure !). Particular attention has been paid to service and
overhaul accessibility. The basic enclosure consists of a welded frame

made up of extruded sections. The system components are supported from

AAC=-4209-R
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this frame, and aluminum sheet is spot welded or riveted to provide

ducting and skin.

Weather protection is provided by a hinged lid on the top of the unit
which exposes the condenser fan discharges and exhaust relief. Another
door Is provided on the condenser air Inlet. Weather protection for the
fresh alr inlet Is provided by the variable shutters. The [0-in. hose
connections are provided with shipping covers. Removable screens are

included in all openings.

Handling of the air conditioner is facilitated by combination grab handles
and lifting points located at each corner of the cabinet. A skid base
(with fork 1ift provisions) and a towing eye are included for ground
handling.

Thermal and acoustical insulation is provided by 3/4-in. thick Urethane
insulation llning in the evaporator compartment and in other critical
‘ areas. The entire cabinet was Iridited and prime coated. The exterior

and Interior were glven one coat of white paint as specified.

The control panel, located on the side of the unit, consists of an enclo-
sure inslde of which all contactors, relays, etc., are mounted for ease

of servicing and protection, and a panel on which operating and Indicating
devices are located. An additional instrument panel is included to accom-
odate compressor Freon suction pressure, Freon head pressure and the air
flow indicator. System wiring Is distributed from the control enclosure
in cables to the various devices In the air conditioner. Two receptacles
with weather caps are located on the cabinet exterior for 208*-volt, 3-

phase, 400-cps and 208*-volt, 60-cps power inputs, respectively.
6. CONTRACT EXPENDITURES

Air Conditioner 682830-1 is similar to a previously developed unit for

the U. S. Alr Force. Listed below are the changes which were made to

“Line (or phase-to-phase) voltages.

AAC-4209-R
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the USAF alr conditioner to meet the NASA problem statement, which

resulted in extensive drawing changes.

a. Four high pressure rise Recirculation Fans 207647-i, In a series-
parallel arrangement, replaced one fan to meet NASA air flow require-
ments. The 207647-1 fan was derived from a unit in production. The
production article was modified to Include flame suppressors in the
motor breather vents and rubber grommets at the power leads to meet
explosion-proof requlrements.

b. Condenser Fan 207642-1 is ldentical to the fan utlillzed in the USAF
unit except for changes to meet explosion-proof requirements. The
original configuration fan was modifled to include flame suppressors
at the motor breather vents and rubber grommets on the power leads.
Also, the thermal protector was changed to provide Increased motor
protection.

¢. The latest production configuration Shutter Control Actuator 133256-2
was incorporated into the unit. This part included all the latest
product Improvement changes.

d. The electrical circult was modified to operate the heaters on 208-
volt, 60-cps power. This Included a separate 60-cps power Input

receptacle mounted on the cablnet and a separate power relay.

e. The cablinet was strengthened by changing the panels from 0.032-in.
to 0.050-in. thick aluminum sheet. This was to accomodate the high
pressure rise fans (Item a) since the cabinet Is essentially a
pressure vessel. Angle brace stiffeners were added to the evap-
orator compartment to mount the four evaporator fans. Angle brace
stiffeners were added to the skid assembly along with provisions
for fork 1ift handling. The recirculation inlet and outlet hose
connections were changed to accomodate [0-in. hose Instead of 24-

in. hose. At the recirculation air outlet a plenum reduction was

AAC~-4209~R
Page 16



used to accomplish the hose area reduction. These changes
resulted in Increasing unit overall welght from the 537 1b

originally estimated.

f. The control box assembly was modiflied, the Freon suction and
head pressure gages were relocated, and an alr outlet tempera-
ture gage was included. An additional panel was included to
accommodate the Freon suctlion and head pressure gages along
with the alr flow indicator. This necessitated a window for

gage readout In the rear access panel.

The above changes are summarized to show reasons for over-expenditure
of contract funds. These changes Involved modiflcation to a larger
number of drawings of the originally proposed unit than was anticipated.
Also, the time and 1abor In locating, procuring, and expediting parts
was as extensive for one unit as It would have been for a significantly
larger order. In ordering small detall parts, the minimum quantity
that could be ordéred exceeded the number required for one unit. As

a result, the surplus parts not used, listed in Table I, also added

to unit price. (These parts are being stored In the AiResearch Bond
Room pending NASA Instructlions.) Although the air conditioner was
similar to one recently developed for the USAF, the actual personnel
learning curve started over. This was due to the fact that personnel
who had worked on the USAF unit were not available to work on the
682830-1 air conditioner. Had more units followed the one ordered

the cost would have been considerably less.
FABRICATION

The fabrication of the service test unit was divided into three major
work areas: component fabricatlion, cabinet fabrication and unlit
assembly. The major components were generally modificatlions of units
in production for other programs at AlResearch, or utl!ized tooling

in common with units in production.

AAC-4209-R
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The cabinet was fabricated by AlResearch Aviation Service Division
since other bidders were substantlally higher. Tooling from the
USAF-developed unit was used to alsc minimlze cost and expedite
fabrication. Generally, separate frame members and panels were
cut from raw stock and final trimming was accomplished at final
assembly. The frame members were welded and panels riveted to the
frame. Photograph 38443-5 shows the similar USAF unit cablnet

structure at initlal phase of fabrication.
TESTING

Explosion Test of Strip Heater - An SEF 190 strip heater, manu-

factured by E. C. Welgand Company, ldentical to that Installed

in Alr Conditioner 682380-1, was subjected to an explosion test

to demonstrate compliance with Paragraph 4 of Design Specificatlion
for Saturn Instrument Compartment Ground Cooling System which Is
Enclosure | of Request for Quotation No. TP85-153. Test procedure
and results are summarized in Rototest Laboratories Report 3124,
Included In Appendix II. The heater completed the test without
damage and did not propagate an explosion of the alr-fuel mixture
within the test chamber.

Performance Test - The alr conditloner was operated at the conditions

listed In Table 4 to demonstrate performance In compllance with the
design specification. The test setup Is deplcted in Figure 3. For
this test, the alr conditioner was placed in an enclosure. A portion
of the condenser outlet air was deflected into the enclosure to attaln
the condenser Inlet air temperature. Also at this time, the heaters
were operated at full heating and 20 kw Input power was recorded.

This results In a heating capacity of approximately 68,300 Btu per hr.
The functional! and calibration tests required over 20 hours of unit
operational time, and approximately two weeks of testing In the
laboratory.

AAC-4209-R
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During preliminary system checkout, Condenser Shutter Actuator
133256-2 malfunctioned three times due to dirt accumulations within
the valve Freon clircult. A filter was Installed In the Freon supply

Jine to the actuator to preclude reoccurrence.

Recirculatlon Alr Circult Callbration - The setup Is depicted In

Figure 3. The fresh air dampers and pressure rellef vent were
closed and sealed with tape to minimlize alr leakage so that all
alr passing through the fans was measured. The unit was operated
in the ventilation mode (Freon compressor off; vent fans on) and
the recirculation alr flow was varled from 98 to 68 1b per min by
manually positioning the recirculating alr dampers. Test results

are tabulated In Table 2 and also depicted in Curve 2.

Alr Flow Indicator Callbration - The unlt was operated In ventilation

mode and the fresh alr shutters were closed (normal leakage) to
simulate normal Installation. The reclirculation alr fiow was
varied from 930 to 1260 cfm by manually positioning the recirculat-
ing alr damper. At 25 cfm Increments, the air flow Indicator
(Inclined manometer) reading was recorded. Curve 2 presents the
results of this calibration test. Inlet alr flow was measured by

a standard ASME orifice measuring sectlon. Finalized test results
are presented In Table 3 and Curve 3. The alr flows tabulated in
Table 3 and the absclissa of Curve 3 were obtained by utillzing
Curve 2. This was done to present flow Indlcator readling versus
supply alr flow since normal leakage at an undetermined rate through

the fresh alr dampers occurred during the test.
COMPONENT PERFORMANCE

Curves | through I8 present the performance of each major component
of the air conditioner. Noted on each curve are statlon points to
relate the speciflc curve to Its location in the system as noted in

Flgure 2.

AAC-4209-R
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QUALIFICATION TESTS

The functlonal and calibration tests Included herein describe the

extent of the tests conducted upon the subject unit. The shock,

vibratlion, and explosion tests were omitted by Modificatlion No. |
of Supplemental Agreement to Contract NAS8-1578, dated 10-16-61, and

therefore, were not conducted.

RECOMMENDATIONS

The followlng changes to the alr conditloner to attaln Increased

performance are submitted:

a.

Ellminate the fresh alr feature. This was Included In the
orlginal USAF unit design since this unit was Intended for use
as a cooling unlt for personne! shelter. The feature results

In loss of performance due to leakage through the shutters and
Is consldered not necessary for an electronic equipment compart-

ment .

The capacity can be improved If the external pressure rise
requirements are reduced. This is probably not possible for
the Intended application. However, the air conditioner may

be used in a different application In which the external
pressure requlrements are reduced. If the Input power to

the reclirculation fansls reduced, more evaporator capaclty

Is avallable due to useful space coolling. Thils could be
accomplished in this unit by substitution of fans or by
removing two of the fans that are In serles. This would result
In a fan configuration of two parallel fans rather than the

present conflguratlon of two fans In parallel and two In serles.

The capaclity could also be Increased when the outside amblent Is
less than 100°F by adjusting the condenser pressure control to a
lower value. This would allow a reduction In the evaporator
discharge Freon pressure and the evaporator discharge air

temperature.

AAC-4209-R
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APPENDIX I

Data Tables, Curves, Flgures
and Photographs
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UNUSED MISCELLANEOUS PARTS

(Due to minimum order purchase requirements)

Part No. Description Quantity
172622-3 Weld (bracket) Assembly 2
460-015-40 Gask-0-Seal 3
460-015-12 Gask-0-Seal 4
460-015-20 Gask~0-Seal 5
FR 668-6 Clamp 4
802-2380 Clamp 4
MI1000-2-15 Latch 6
20-1502 Check Valve i
H4100-5.063 Latch Same box !
172299 Screen !
3-4 0 Ring 23
3-6 0 Ring 22
M$25043-32C Cap (W/Chaln)
B~138F Contactor (Hartman)
B-133 Contactor (Hartman) !
AN 3057-20 Connector 4
AN 3066-20 Nut 4
AN 3064-20 Bushing 4
AN 3057-16 Connector |
MS 3101RI6S-1S Connector 1
MS 3103-20-33s(C) Connector |
MS 3102A148-25(C) Connector ]
2600-10 Stud 12
c-33 Clip 7
AN93132-56 Grommet 4
M$35489-26 Grommet 9
MS25043-32C Tees 3
MS21911-4D Tees 5
Table | :
AAC-4209-R
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Part No.

MS21902-6D
M$21903-4D
AN910-3

MS21908-60

255114-12-0380
25511 1-12-0254
255110-12-0200
255100-20-0435
255102-6-0224
255106-6-0350
255101-6-0100
255107-6-0460
255104-6-0320
255114~12-0440
255109-6-0204
255106-6-0300

Alﬂu/' )

Saa

UNUSED MISCELLANEOUS PARTS (Contlnued)

Description

Coupling
Bulkhead Fitting
Coupl Ings

Elbows

STRATOFLEX FITTINGS

Quant ity

» N

-_— .- N NN

NOTE: Al) parts listed are being held in AlResearch CPFF Bond Room pending
disposition Instructions from NASA.

Table |
AAC~4209-R
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PMs Unit Ambient Air Pressure, in. Hg Abs 30.00 30.00 29.93 29.93 29.92
Pis Recirc. In Alr Static Pressure, in. H,0 Gage™ -0.1 -0.05 -0.6 -0.7 -0.1
Tm DB Temperature, Deg F 79 88 102.5 118 91.5
Tlw WB Temperature, Deg F 59.8 62.4 67 70.6 62
vy Weight Flow, Lb Per Min™™* 84 83 79 74.5 84
st Conditioned Air Out Static Pressure, In. H,0 Gage 25.2 24.9 28.4 27.2 27.3
Tan D8 Temperature, Deg F 42.5 43.5 52 57.5 47
Th" W8 Temperature, Deg F 40.5 42.0 48 49.2 44
Tc‘ Condenser Air In Temperature, Deg F 105 102 100 106 {10
QT Total Unit Cooling Capacity, BTU Per Hour 54,900 58, 300 51,000 64,400 52, 800
Q; Evaporator Cooling Capacity, BTU Per Hour™ 83,900 86,900 84,900 90, 000 81,300
Prg Compressor In Freon Pressure,psig 0 (.0 2.0 2.0 2.0
PFN Compressor Out Freon Pressure, psig 60.0 60.0 65.0 66.0 66.0
TcASEConpressor Case Temperature, Deg F 101 100 97 98 97
VE Unit Input Line Voltage, Volts A 199 199 197 198 198
R 199 199 196 197 197
c T 199 196 197 197
IP Unit Input Phase Current, Amps A 129 129 124 120 131
B 129 129 125 120 132
c 129 129 125 18 132
Kw Unit Input Power, KW 38.2 38.2 35.2 36.0 38.8
9 buration of Test, minutes IS 25 5 20 15
Alr Flow Indicator Reading, in. H,0 0.48 0.49 «-—— NOT RECORDED ————— =
Outiet Air Temperature Indicator Reading, Deg F 42 44 ~o——NOT RECORDED———
—pm -

@2 obey

¥=-602Y-IVV

Refer to Figure 3 for static tap locations

**Calculatcd on basis of previously measured 8.6 KW for vent fan Input power and 100 per cent

Ak

heat distributed to evap. in air (5.75 BTU per 1b)
Fresh air dampers ciosed and sealed off with tape for minimum |eakage

preranco |3LFE88E1 3-62) AIR CONDITIONER 682830-1,
SERIAL 71-DI

WRITTEN

SUMMARY OF PERFORMANCE TESTS AL -4209-R I

TABLE 4

AIRESEARCH MANUFACTURING CO.
APPROVED LOS ANGELES. CALIFORNIA
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Station Point . Position In System
1 Evaporator Inlet
2 tvaporator Discharge
3 Compressor Inlet
4 Compressor Dlscharge
5 Condenser Discharge
6 Subcooler Discharge
Condensing Temperature, Tc = |48F
Evaporating Temperature, TE = 40.1F
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AIR CONDITIONER 682830-1, S/N 71-D1
DATE: 11-21-61
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AIR CONDITIONER 682830-1, S/N 71-D1
DATE: 11-21-61
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1. EXPLOSION
SampPLE 1
REFERENCE : MIL~E-5272C(ASG) AMENDMENT | DATED 20 JANUARY 1960, PARAGRAPHS

2.13, 4.13.3, 4.13.3.1, 4.13.4, 4.13.4.1, 4.13.4.2, 4.13.4.3

REQUIREMENT:  MIL-E-5272C{ASG)

"4,13 ExpLosion TESTS (SEE 5.3 AND 5.4.4). - "

“4.13.3 APPARATUS. - AN EXPLOSION CHAMBER EQUAL To M|L-C-9435
SHALL BE UTILIZED FOR CONDUCTING EXPLOSION-PROOF TESTS."

"4.13.3.1 FueL. — FUEL USED SHALL BE GASOLINE, GRADE 100/130,
CONFORMING To M!L-G-5572."

"4.13.4 PROCEDURE Ilfl. -

"4 1. 4.1 PurposE. - THE FOLLOWING PROCEDURE SHALL BE USED 70O
DETERMINE THE EXFLOSION PRODUCING CHARACTER:=TICS OF ITEMS OF EQUIPMENT NOT
FQUIPPED WiiH CABLS £ w:ioRED TO PREVENT FL % OR EXPLOS!ON PROPAGATION."

"$.,73.4.2 PREPARATION FOR TE3T. =

A. THE EQUIPMENT TO BE TESTE™ SHALL BE INSTALLED §N THE
TEST CHAMBER IN SUCH A MANNER THAT NORMAL ELECTRICAL
OPERATION 1S POSSIBLE AND MECHANICAL CONTROLS MAY BE
OPERATED THROUGH THE PRESSURE SEALS FROM THE EXTERIOR
OF THE CHAMBER. ALL EXTERNAL COVERS OF THE TEST ITEM
SHALL BE REMOVED OR OPENED TO INSURE ADEQUATE CIRCULATION
OF THE EXPLOS!IYE MIXTURE. LARGE EQUIPMENT MAY BE TESTED
OME OR MORE UN!TS AT A TIME BY EXTENDING ELECTRICAL CON-
NECTIONS THROUGH THE CABLE PORT TO THE BALANCE OF THE
EQUIPMENT LOCATED EXTERNALLY. ’

B. THE EQUIPMENT SHALL BE OPERATED TO DETERMINE THAT IT 1S
FUNCTIONING PROPERLY AND TO OBSERVE THE LOCATION OF ANY
SPARKING OR HIGH TEMPERATURE COMPONENTS WHICH MAY CON-
STITUTE POTENTIAL EXPLOSION HAZARDS.

¢. MECHANICAL LOADS ON DRIVE ASSEMBLIES AND SERVOMECHANICAL
AND CLECTRiCAL LOADS ON SWITCHES AND RELAYS MAY BE
SiMUL ATED WHEK KECESSARY (F PROFER PRECAUTION IS GIVEN
TO DUPLICATING THE NORMAL LOAD IN RESPECT TO TORQUE,
VCLTAGE, CURRENT, INDUCTIVE REACTANCE, ETC. |IN ALL
INSTANCES IT SHALL BE CONSIDERED PREFERABLE TO OPERATE
THE EQUIPMENT AS IT NORMALLY FUNCTIONS IN THE SYSTEM
DURING SERVICE USE."

S S
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rototest laboratories, inc. = Page No 1.1

REQUIREMENT: -~ CONTINUED

MIL-E~-527
"40 ‘5-4.5

A. A TES

(1)

(2)

(3)

1. EXPLOSION - CONTiNUED

2C(ASG) = CONTINUED
TEST PROCEDURES. =~
T SHALL BE CONDUCTED AS FOLLOWS:

THE TEST CHAMBER SHALL BE SEALED AND THE AMBIENT
TEMPERATURE WITHIN SHALL BE RAISED To 471 £3°C

(#160 45° F), OR TO THE MAXIMUM TEMPLRATURE TO

WHICH THE EQUIPMENT I8 DESIGNED TO orgraTE (IF

LOWER THAN 180° F). THE TEMPECRATURE OF THE TEST
ITEM AND THE CHAMBER WALLS SHALL BE PERMITTED TO
RISE TO WITHIN 11° C (20° F) OF THAT OF THE CHAMBER
AMBIENT AIR, PRIOR TO INTRODUCTION OF THE EXPLOSIVE
MIXTURE.

THE INTERNAL TEST CHAMBER PRESSURE SHALL BE REDUCED
SUFFICIENTLY TO SIMULATE AN ALTITUDE APPROXIMATELY'
10,000 FEET ABOVE THZ DESIRED TEST ALTITUDE. THE

#E1GHT OF FUEL NECESSARY TO PRODUCE AN AIR=VAPOR

RATIO OF 13 TG 1 AT THE DESIRED TEST ALTITUDE BHALL

B8E DETERMINED FROM CONSIDERATION OF CHAMBER VOLUME,

FUEL TEMPERATURE ANC SPECIFIC GRAVITY, CHAMBER AIR

AND WALL TEMPERATURE, 7EST ALTITUDE, £TC. (sck S5.4.4.4).
A TIME OF 3 £1 MINUTES SHALL BE ALLOWED FOR INTRODUCTION
AND VAPORIZATION OF THE FUEL. AIR SHALL BE ADMITTED
INTO THE CHAMBER UNTIL A SIMULATED ALTITUDE Oor 5,000
FEET ABOVE THE TEST ALTITUDE IS ATTAINED. AT THIS TIME
THE POTENTIAL EXPLOSIVENESS OF THE RESULTING AIR=VAPOR
MIXTURE SHALL BE VERIFIED BY A SAMPLING METHOD WHICH

HAS BEEN APPROVED BY THE PROCURING ACTIVITY.

OPERATION OF THE TEST ITEM SHALL AT THIS TIME BE COM=
MENCED, ALL MAKING AND BREAKING ELECTRICAL CONTACTS
BEING ACTUATED. |F HIGH TEMPERATURE COMPONENTS ARE
PRESENT, A WARM=~UP TIME OF 15 MINUTES SHALL BC PLRMITTED.
[F NO EXPLOSION RESULTS, AIR SHALL BEL ADMITTED INTO THE
CHAMBER 8C A8 TO STEADILY REDUCE THE ALTITUDL DOWN PAST
THE DESIRED TEST ALTITUDE TO AN ELEVATION OFf 8,000 reer
BELOW THAT ALTITUDE OR A8 CLOSE THERETO AS PLRMITTED

8Y LOCAL QGROUND LEVEL ALTITUDE. THE OPERATION OF THE
TEST ITEM SHALL BE CONTINUOUS THROUGHOUT THIS PERIOD -
OF ALTITUDE REDUCTION AND ALL MAKING AND BREAKING
ELECTRICAL CONTACTS SHALL BL OPERATED AS FREQUENTLY

AS PO3SIBLE:
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NEvada 6-9238

1. EXPLOSION - CONTINUED

REQUIREMENT: ~ CONTINUED

MIL-E-5272C(ASG) ~ CONTINUED
4.13.4.3 -~ CONTINUED

(4) IF BY THE TIME THE SIMULATED ALTITUDE HAS BEEN REDUCED
To 5,000 rofY BELOW THE TEST ALTITUDE, NO EXPLOSION
HAS OCCURRED AS A RESULT OF OPERATION OF THE EQUIPMENT
UNDER TEST, THE POTENTIAL EXPLOSIVENESS OF THE AIR-VAPOR
MIXTURE SHALL AGAIN BE VERIFIED BY A SAMPLING METHOD
WHICH HAS BEEN APPROVED BY THE PROCURING ACTIVITY. IF
THE AIR=VAPOR MIXTURE 15 NOT FOUND TO BE EXPLOSIVE AT THIS
TIME, THE TEST SHALL BE CONSIDERED VOID AND THE ENTIRE
PROCEDURE REPEATED.

B. THE ABOVE~DESCRIBED TEST SHALL BE ACCOMPLISHED AT SIMULATED
TEST ALTITUDES OF LOCAL GROUND LEVEL To 5,000 reer, 10,000,
20,000, 30,000, 40,000, anp 50,000 FEET, UNLESS AN EXPLOSION
15 CAUSED BY THE TEST ITEM DURING A TEST, IN WHICH CASE THE
PTEM SHALL BE CONSIDERED YO HAVE FAILED TO PASS THE TEST AND
NO FURTHER TRIALS NEEC BF ATTEMPTED."

PROCEDURE : TH1IS TEST WAS PERFORMED N A. “RDANCE W{(TH THE REQUIREMENTS OF
MIL=E-5272C. DURING THE TEST THE SAMPLE WAS iNERGIZED WiTH 115 voLTs, 60 cps.
AT EACH ALTITUDE, THE SAMPLE WAS ENERGIZED AND DEENERGIZED TEN TIMES. CHAMBER
TEMPERATURE WAS MA INTAINED AT 160%5°F

EOU I PMENT -
16 MEASURE SyMBOL UN'T APFARATUS

AMB 1ENT TEMPERATURE Ta °F  UniTED CONTROLS TEMPERATURE GAGE,
RTL No. F-7062, 0/350 x 5°F

BAROMETR1C PRESSURE Press B iNLHG U. S. WeatHer Bureau

GAaGe PRESSURE Press G IN.HG MeER 1AM MERCURY MANOMETER,
RTL No. 2903, 0/25 x 0.1 incr

ABsoLuTe PRESSURE Pa IN . HG CavcuneaTior Pea = PrESs B - PRESS C

INPUT VOLTAGE TO

SAMPLE £ voLT  QuerTy ErecTric, MooeL 10, S.N. 3044,
0/150 x 2 voLTs A.C.

Input FreEcuonCyY FREQ Ces CoMMERC 1AL L INE FREQUENCY
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1. EXPLOSION - CONTINUED
PSS
DATE Ta Press B Press G Pa -~ £ FREQ
1961 Time  °F in.He iN.HG 1N HG VoL T cPs  SAMPLE COMMENT
oA LEVEL 115 60 i SPEC IF {ED
T s — E—4 — - — -3
e RN e La 0D i SO Vg 60 i EXPLOSIVE VAPORS

ADDED; SAMPLE
OPERATED; NO
EXPLOSION.
10,000 FEET

1:45 Than el R L 2060 Yl £5{) LxPLOSIVE VAPORS
ADDED; B5AMPLE
OPERATED; NO
LXPLOSION.

'I"} «\1"\ 3 -
i“:’NuK, tED T

2
bl
-

[}
oan
by
—

IS

1-L8 1Y ESIne

4
>

5 GO EXPLOSIVE VAPORS
ADDED; SAMPLE
OPERATED; NO
EXPLOSI1ON.

.00 2501 8.96 o 60 ExPLOS VL VAPORS
ADDED; SAMPLE
OPERATED; NO
EXPLOSION.

RS cn B0 L0 R AT 5.82 Y 60 ExXPLOSIVE VAPORS
ADDED; SAMPLE
OPERATED; NO
EXPLOS ION.
LOLI00 reer
2:20 4 5000 26.48 3.52 L 80 EXPLOSIVE VAPORS

AODED; SAMPLE
OPERATED; NO
EXPLOSI1ON.

NoTE + THE f4APLOSIVENESS OF THE A!R=FUEL MIXTURE WAS CHECKED BEFORE AND AFTFR OPERA=-
THON AT EACH ALTITUDE USItNG & T CONMBULTIBLE GAS (NDICATOR, ModEL

Dot Sornds
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1.

Con g5 INS SawpPLE 1 MET THE REQUIREMENT OF THE
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EXPLOSION - CONTINUED

ExpPLosON TEST.

ALBERT G. KLE INKNECHT
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